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PREFACE

At the request of the FAA's Office of Systems Engineering
Management, the Transportation Systems Center implemented a pro-
gram to estimate instantaneous counts of airborne aircraft over
the continental United States. Counts over Air Route Traffic
Control Centers (ARTCC) and Terminal Radar Approach Control Facil-
ities (TRACONS) are of special importance, since these counts
help system designers develop system tradeoffs and technical spe-
cifications for new equipment and computers to update or replace
those currently in the field (i.e., IBM 9020's in the ARTCCs and
Univac ARTS-3 in the TRACONS).

In the past, there has been limited effort to systematically
estimate counts. This report describes several important phases
in a new structured program to systematically estimate air counts.

A crucial step in the estimation of air counts is the estima-
tion of daily or hourly operations at FAA facilities. The prin-
cipal outputs from this study are statistical methods for predict-
ing hourly or daily operations with application to certain facili-
ties. Concurrent with this research, models to convert operations
to air counts have been developed, although these models are not
described in this report. The prediction of facility operations
is sufficiently important to FAA program planning to warrant a
separate, comprehensive report. This work was performed in FY'80.
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EXECUTIVE SUMMARY

Two statistical procedures have been developed to estimate
hourly or daily aircraft counts. These counts can then be trans-
formed into estimates of instantaneous air counts. The first pro-
cedure estimates the stable (deterministic) mean level of hourly
or day of the week patterns by statistical models. The second
procedure estimates both deterministic and stochastic periodic
(hourly or day of the week) patterns by stochastic time series
models. The foregoing statistical procedures have been used to
analyze traffic at the St. Louis TRACON and Los Angeles Flight
Service Station.

This study analyzes hourly variations in operations at the
St. Louis TRACON, for each day in four representative months in
1979, It also analyzes daily variations for three months in 1979
of flight plan activity at the Los Angeles FSS. The results of 1
these analyses are given preliminary interpretations, and are

available for possible application to other facilities. They
are also available for other applications, such as estimation of
instantaneous air counts.




1. INTROOUCTION

The systematic estimation and prediction of characteristic
variations in air traffic operations at FAA facilities is needed
in order to help plan for future air traffic control systems,
programs and possible facility modification. Two important ex-
amples of these characteristic variations, or representative
patterns, are the changes in operations with day of the week and
hour of the day.

However, hourly or daily patterns, while important to many
applications, do not satisfy all requirements. Estimates of in-
stantaneous aircraft counts are required for many applications.

In the past, the methods for counting in-flight aircraft have
consisted mainly of reducing radar tapes (when available), count-
ing aircraft images on air traffic controller plan view displays,
or on some occasions, requiring the assistance of the Civil Air
Patrol to count in-flight aircraft. While there is merit in these
approaches, they also have their limitations. For instance, they
are costly. Therefore, mathematical models to convert FAA opera-
tions data to estimates of instantaneous counts have been developed
at the Transportation Systems Center. This report will concentrate
only on the analysis and modeling of daily and hourly operations
data at certain FAA facilities. Their conversion to counts of in-
flight aircraft will be discussed in a separate publication. But
the major impetus for undertaking the analysis of hourly opera-
tions data is to provide input to models which estimate instan-
taneous aircraft counts.

Useful information can be gleaned from analysis of daily or
hourly operations, and this information is relevant to interpre-
tation of instantaneous aircounts. The first part of this report
extracts weekly systematic patterns in daily instrument flight
rules (IFR) and visual flight rules (VFR) flight plan activity of
general aviation aircraft at the Los Angeles Flight Service Sta-
tion. This information is important because it identifies pre-
ferred days. For example, which weekdays tend to be busy and which




tend to be quiet, and which weekend days are busiest. This in-
formation is needed by the statistical survey designs used to ob-
tain data from flight service stations (discussed in another re-
port). Los Angeles FSS data is a necessary requirement to analy:ze
aviation activity (with and without flight plans) in the crowded
Los Angeles area. Since VFR activity data from different FSSs in

a limited region tend to be correlated with each other, the daily
variations of flight plan activity at Los Angeles must be typical
of neighboring flight service stations (and also similar to tem-
poral variations of itinerant GA activity at neighboring airfields).

The second part of the report develops models for systematic
patterns and peak activity in a TRACON. A model and related soft-
ware were developed and tested on data obtained from the St. Louis
TRACON. Hourly operations data, for each day in four representa-
tive months in 1979, was the input. The model predicts hub loading
on an hourly basis, and as indicated above, can be converted to
peak and average instantaneous aircount within each hourly inter-
val.

All models permit direct forecasting of their output. For
flight plan forecasts, the level of forecasting is daily, compared
with the FAA's annual forecasts of operations. The sensitivity of
the model is thereby improved.

This study accomplishes two main purposes. First, special
statistical models and procedures for the estimation of hourly
and day of the week patterns for air traffic activity were de-
veloped. Second, these statistical procedures were applied by
estimating hourly and day of the week patterns with selected air
traffic data.

A common practice in previous studies of temporal variations
in air traffic activity has been simply to plot changes in sample
data as a function of day of week or time of day. This approach
cannot provide reliable estimates of representative patterns in
air activity. This is becuase these estimates are adversely af-
fected by sampling variations. In this study, two statistical




approaches are proposed to estimate the average level and vari-

ances of these temporal patterns.

In the first approach, a simple model, similar to a one-way
analysis of variance model, is adopted for hourly or daily air
traffic data. One standard and two robust statistical procedures
are suggested to estimate the parameters of this model. The sec-
ond approach applies a time series modeling technique suggested by
Box and Jenkins (1970) to model temporal variation patterns for
air traffic data. This approach tailors a specific model for each
series. In general, it will provide a more suitable model to ex-
plain the temporal variations of a particular series than the model
obtained by the first approach. However, the second approach is

not economical if used to analyze a large set of air traffic data.

Both approaches have been applied to St. Louis TRACON data.
These empirical results indicate that there are diurnal variations
in the hourly data and weekly and seasonal variations in the daily
data collected from different seasons in the year of 1979. Their
estimated hourly and day of the week patterns provide valuable in-
formation for the estimation of instantaneous air counts (see
Meyerhoff (1980)) which can be applied to the planning of air
traffic control facilities and the airport capacity problem.

This study is organized into three sections. Section 2 pre-
sents our first statistical approach to estimate temporal varia-
tion patterns for air traffic activity. Section 3 presents Box-
Jenkins time series approach to model the stochastic behavior of
temporal variation patterns for air traffic activity. This ap-
proach is also applied to the estimation of daily models for flight
plan data collected from the Los Angeles Flight Service Station.
Summary and conclusions are contained in Section 4.




L. S

2. ESTIMATION OF HOURLY AND DAY OF THE WEEK PATTERNS
FOR SAMPLED AIR TRAFFIC DATA

In Section 2.1, we present some standard and robust statisti-
cal procedures to be used in this study and the reasons why both
of these two types of procedures will be used simultaneously in
the analysis of sampled air traffic data. In Section 2.2, these
statistical procedures are illustrated with estimation of hourly
and day of the week patterns with sampled hourly and daily air
traffic data.

2.1 STATISTICAL PROCEDURES

In applied statistics, statisticians usually face a problem
of choosing alternative statistical procedures in their analysis.
The general principle in guiding our selection of alternative tech-
niques are: (1) statistical properties of alternative techniques;
(2) the primary purpose of the study undertaken and; (3) computa-
tional costs and requirements associated with alternative proced-
ures. In this study, the primary goal is to estimate the represen-
tative (average) hourly or day of the week patterns for sampled air
traffic data. Therefore, those statistical techniques which will
give reliable location and scale estimates (average patterns and
variations around them for data under a wide variety of conditions)
will be adopted.

One of the difficulties in analyzing air traffic data is that
maverick observations invariably find their way into the data set.
These observations may be due to meteorological IFR weather condi-
tions, facility outages or other special events. These outliers
are values which in a dramatic way do not conform to the average
(typical) behavior of most observations. Planning a new facility
on the basis of an occasional outlier is, in general, not cost-
effective.

The most commonly calculated statistics are the mean and var-
jance of a batch of numbers. These two statistics are not robust
to a small fraction of the observations. For example, suppose we

4




have six numbers: 4, 5, 3, 2, 4, 3. In this case, the arithmetic

mean of 3.5 seems to be a good description of the average number.
Suppose one more observation of 45 is added, the mean now jumps to
9.5. This value does not represent the major bulk of this data
set. This example illustrates that mean and variance are not ro-
bust in the sense that they are seriously affected by a single
large fluctuating observation.

One natural solution to this problem is to use robust statis-
tical methods. The statistical procedures whose results are not
dramatically affected by a small fraction of observations are
usually called robust statistical procedures. This example will
intuitively explain the reasons why robust statistical procedures
will be adopted in our analysis of sampled air traffic data.

The standard and robust statistical procedure adopted in this
study will be presented in the rest of this section.

Suppose sample operations data obtained at equal intervals
are designated by Xij’ where i =1, 2, ...7, and j =1, 2, ... 52,
In our case, i is the ith day of the week and j is the jth week of
the year.

The statistical model in general form is:

xij = U; + e; (1)

where Ui represent the deterministic effect of the ith day of the

week and is assumed to be synmetrically distributed with zero

eij

mean and variance o° ..
ei

The estimator for the Ui is defined as:
. Nj

U. = ¢ X.. i=1, 2, ...7 (2)

1y Ty C

and the variance estimator of Ui is defined as:

N,
Y (X35 - u;) / (3)
e; J=1 (N;-1)

where Ni is the number of observations of the ith day of the week.
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These estimators can be extended to estimate the location

(mean) and scale (variance) parameters of the distribution on the
ith hour of the day using hourly rather than daily samples. The

estimators described in (2) and (3) are commonly used and are re-
ferred to as a standard method.

The first robust statistical technique we use is the Box plot
and schematic plot. These graphical display techniques were sug-
gested by Tukey (1977). A Box plot displays a batch of data.

Nine values to represent ranges in a set of data are convention-
ally used: the upper and lower detached points, the upper and
lower outside points; the upper and lower side values; the upper
and lower hinges (these are the same as upper and lower quartile)
and the median. The configuration of a Box plot is shown in
Figure 1. The definitions of these summary measures are:

(1) Upper Hinge: The definition of Upper Hinge is identical
to that of the upper quartile, which is
widely used in statistics. The Upper
Quartile is the value such that 75 percent
of the observations are less than or equal
to the value denoted by Q3; while 25 per-
cent of the observations are larger than
Qs

(2) Lower Hinge: It is identical to the definition of Lower
Quartile. Lower Quartile is the value such
that 2S5 percent of observations are less
than or equal to this value, which is de-
noted as Ql'

(3) UEEer Side It is the largest data value less than the
a‘us: upper hinge (i.e., Upper Quartile) plus
Midspread [Upper Quartile - Lower Quartile].
But if that value is less than upper quar- -
tile, the upper side value is equal to
upper quartile.
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(4) Outside Points: The definition of Outside Points are

data values between UH + 1.5 MIDSP and
UH + MIDSP or LH - 1.5 MIDSP and LH -
MIDSP.

(5) Detached Points: The definition of Detached Points are
data values greater than UH + 1.5 MIDSP
or less than LH - 1.5 MIDSP.

(6) Median: It is the value such that 50 percent of
the observations are less than it and
50 percent greater than it,

In this study, the Box plot technique is used to estimate the
empirical distribution of the ith day of the week or the ith hour
of the day. The merits of Box plots are as follows:

(1) They display the levels and variability of a batch of
data.

(2) They are resistant to bad data points and indicate the
numbers of bad data points in the plot.

(3) In the process of constructing a Box plot, outliers are
identified.

For comparison purposes, the Box plot for each day of the
week or for each hour of the day is displayed in the same figure
and this figure is called a schematic plot by Tukey (1977). This
displays the center and spreads of the empirical distributions for
each day of the week or each hour of the day, thereby providing a
preliminary model for the data.

The second robust statistical estimator for the mean Ui is
the trimean estimator. It is defined as:

U, = Xy 2;‘(1/2) * X(}M) (4)

where, X(%) denotes the lower 25 percentile of the data batch
X(%) denotes the median of the data batch

X(3/4) denotes the upper 75 percentile of the data batch,.

8
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The variance formula for the trimean is defined as scaled
midspread (SMIDSP),

A X - X
var (6, - SG/8) _a/4)

The robust estimators considered here work well for symmetri-
cal distributions. If the empirical distribution is very skewed,
then a power transformation [Box and Cox (1964)] of the original
data should be used, and this robust estimator will be applied to
the transformed data. The location and scale estimators for the
original data can be obtained by transforming back from the loca-
tion and scale estimates obtained from transformed data.

Other types of robust estimators such as a trimmed mean can
be also used in this study. For computional purposes, this esti-
mator is not adopted in this study.

Finally, our strategy in the estimation of representative

patterns is as follows: (1) both standard and robust statistical
methods are applied to the representative patterns of interest.
If the results obtained by both procedures are similar, then the
standard method is recommended; (2) On the other hand, if the re-
sults obtained from the standard method are quite different from
the results obtained by those robust procedures, then there are

two paths we can follow: (a) the results obtained by robust sta-
tistical methods is recommended. This is because these procedures
have a built-in property to be resistent to bad data points and
robust to the deviation from the assumed model of probability dis-
tribution; (b) further research should be taken to understand
those reasons which may cause the occurrence of these bad data
points. Then an alternative model should be specified for this
data set. This approach is not economical in analyzing a large
amount of data because it is tailor-made model for a limited num-

ber of important data sets.
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2.2 EMPIRICAL RESULTS

2.2.1 Flight Plans Filed at Los Angeles Flight Service Station

The daily number of (IFR and VFR) flight plans filed at the
Los Angeles Flight Service Station were processed for the period
June to August 1979. They were supplied on Form 7230-13 by the
Los Angeles FSS. These data are plotted in Figure 2 and Figure 3,
which summarize, respectively, the variations in VFR and IFR
flight plan activity for each day in the cited interval. There
exist weekly cycles in the data over this sample period. The
standard statistical method and the robust procedures described
in the previous section are employed to estimate deterministic
(fixed) day of the week patterns for VFR and IFR flight plan data.
The estimated patterns and other related summary statistics of the
data are presented in Tables 1 and 2. The graphical displays of
schematic plots for the VFR and IFR day of the week patterns are
shown in Figures 4 and 5, respectively.

From these empirical results, several interesting findings

can be summarized as:

(1) On the average, the peak day of the week for VFR is
Saturday while the peak day of the week for IFR is
Friday.

(2) The number of IFR flight plans filed on a week-day is
larger in general than those filed on a weekend. How-
ever, on the average, the number of flight plans filed
in the weekend and Friday for VFR is larger than those
in the rest of the week.

These observations verify our expectations. IFR activity is
primarily business-related, so the number of IFR flight plans
should decrease on weekends. Many VFR flight plans are filed by
private individuals, so VFR activity should increase as the week-
end approaches. (Many individuals leave the Los Angeles area on
weekends.)

10
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H (3) From Tables 1 and 2, observe that there are some posi-
tive associations between the peak (i.e., max) flight
plan counts for each day of the week and their corres-
ponding location estimates (i.e., mean levels).

(4) To measure the variability of the data around their mean
level, the coefficients of variations for each day of
the week are computed and presented in Table 3. The
coefficient of variations (C.V.) of IFR for each day of
the week are uniformly smaller than those for VFR.
Operationally, daily variations in VFR activity tend to
be larger than IFR because the former are more sensitive
to weather.

2.2.2 Hourly Operations at St. Louis TRACON

This section summarizes the result of statistical analyses on
operations data at the St. Louis TRACON. The St. Louis TRACON
records hourly operations for each day of the year in manual form.
These operations are disaggregated in various ways, such as by
type of aircraft. The analyses described he=*mi: were zpvlied only
to the total aircraft count. The procedures are equally applicable
to disaggregated counts. They can also be applied to any TRACON
tabulating its operations in the manner described.

Manual data supplied by the St. Louis TRACON were automated
at TSC, then analyzed using specially developed software. Daily
data from the middle month of each season of the year was supplied
(i.e., February, May, August, November). The assumption is that
the middle month is representative of its season, e.g.,‘February
is representative of January and March. Experience indicates that
the middle month of three consecutive months is representative of
the two adjacent months. To have performed the same analyses for
12 months would have been costly,

Hourly operations data at the St. Louis TRACON for each day
in February, May, August and November, 1979, are displayed in
Figures 6 and 7, respectively. It is hoped that a study of hourly

17
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data collected for one month from each of the four seasons will
provide insight into the changes in levels and variability of
hourly patterns of the day due to seasonal variations. Four hourly
patterns (from 8 to 24 hours) of a typical day estimated from four
different sampled months data are reported in Tables 4 through 7,
respectively. Figures 8 through 12 display representative hourly
patterns for February, May, August and November and all four months
combined. From these empirical results, the major characteristics
of hourly patterns in different seasons can be summarized as fol-
lows:

(1) The peak hour of the day is from 17 to 18 hour, i.e., 5
to 6 p.m. This is true for all sampled monthly data con-
sidered here.

(2) The peak hour of the morning period (defined by the range